Although delayed gastric empyting is found in some patients with functional dyspepsia, there seems to be little relation between rate of emptying and symptoms. This study examined the hypothesis that food maldistribution rather than gastric stasis may equate to symptoms in such patients and used scintigraphic techniques to quantify the partition of gastric contents between proximal and distal stomach during gastric emptying. Eleven patients with functional dyspepsia characterised by chronic severe postprandial bloating without organic abnormality, and 12 healthy volunteers, ingested a standard meal labelled with technetium-99M (9mTc). Serial images of the gastric area in anterior and posterior projections were taken for 90 minutes, regions of interest for proximal, distal, and total stomach were defined, and activity time curves were derived from the geometric means of anterior and posterior counts. Total emptying in patients (median: 46 minutes; range: 30-76) was not significantly different from controls (45 minutes; 28-58) and only three showed delayed gastric emptying. In controls, food remained predominantly in the proximal half of the stomach after ingestion and then redistributed to the distal half. In the patients, however, initial activity in the proximal half after ingestion (48%; 40-65) was significantly lower (p<0.05) than in controls (60%; 39-73) and distributed more fully to the distal half of the stomach with a peak distal activity (56%; 34-58), which was consistently higher than in controls (36%; 33-42) (p<0.05). It is concluded that this subgroup of functional dyspepsia patients show abnormal intragastric distribution of food, independent of gastric emptying rate. (Gut 1994; 35: 327-332) patients with functional dyspepsia, because gastric stasis correlates poorly with symptoms9 and gastric emptying and motility can be normal in some patients despite identical symptoms.
the hypothesis that food maldistribution rather than gastric stasis may equate to symptoms in such patients and used scintigraphic techniques to quantify the partition of gastric contents between proximal and distal stomach during gastric emptying. Eleven patients with functional dyspepsia characterised by chronic severe postprandial bloating without organic abnormality, and 12 healthy volunteers, ingested a standard meal labelled with technetium-99M (9mTc). Serial images of the gastric area in anterior and posterior projections were taken for 90 minutes, regions of interest for proximal, distal, and total stomach were defined, and activity time curves were derived from the geometric means of anterior and posterior counts. Total emptying in patients (median: 46 minutes; range: 30-76) was not significantly different from controls (45 minutes; and only three showed delayed gastric emptying. In controls, food remained predominantly in the proximal half of the stomach after ingestion and then redistributed to the distal half. In the patients, however, initial activity in the proximal half after ingestion (48%; 40-65) was significantly lower (p<0.05) than in controls (60%; 39-73) and distributed more fully to the distal half of the stomach with a peak distal activity (56%; 34-58), which was consistently higher than in controls (36%; 33-42) (p<0.05). It We examined the hypothesis that the bloating sensation experienced by some patients during and after meal ingestion could be a result of impaired proximal gastric accommodation and therefore studied intragastric nutrient distribution in a group of dyspeptic patients. Our results suggest that nutrient distribution is indeed abnormal and that meal retention in the proximal stomach is decreased. Laboratory bench studies with the meal showed that it was highly stable with no evidence of physical separation when left for up to 12 hours. Studies of the distribution of the isotope within the meal also showed that it remained homogeneously distributed. STUDY 
Subjects and methods

SUBJECTS
PROTOCOL
Gastric emptying and intragastric distribution of a radiolabelled nutrient meal were assessed by external abdominal scintigraphy. After an overnight fast of at least 10 hours, subjects ingested the test meal, which had been warmed to 40°C.
Immediately after meal ingestion, images of the radioactivity in the abdomen were collected by standing the subjects in front of the low energy, high sensitivity collimator of a gammacamera (Ohio Nuclear, series 100, Solon, Ohio, USA) connected to an image processing system.
Images of both the anterior and posterior views of the abdomen were taken for one minute each at 5, 10, 15, 20, 30, 40, 50, 60, 75, and 90 minutes after beginning ingestion of the meal. In the intervals between image acquisition they sat comfortably in a chair near the camera. The gammacamera was set up to record activity with a 20% window around the 140 KeV photopeak of 99`Tc. All images were stored-on magnetic tape for analysis after completion of the study. DATA 
ANALYSIS
The overall area of the gastric region of interest was first established by counting the number of isotope containing pixels enclosed within the initial gastric image (Fig 1) . This gastric region of interest was then divided into two equal areas, designated the proximal and distal stomach, by using the cursor facility of the machine to place a line across the stomach so that 50% of the isotope containing pixels were present in each area, irrespective of the number of isotope counts in each pixel. To avoid possible bias, the construction of the two regions of interest was performed by an observer who was unaware of the subject's allocation into either the control or the functional dyspepsia group.
The total counts in the three regions ofinterest (total stomach, proximal stomach, and distal stomach) was then determined for all 20 images. Counts were corrected for radioactive decay and room background. In addition, to correct for the effect of anterior-posterior movement of the radio activity, a geometric mean of the anterior and posterior counts for each region was calculated at each time point.'6 The initial activity (IA), when theoretically all the ingested radioactivity was contained in the stomach, was obtained by extrapolation from the corrected counts at the first two time points -(that is, at five minutes and 10 minutes after meal ingestion). The activity in each region at any time point during the study was expressed as a percentage of IA. Activity v time curves were produced for each of the three regions. 
Results
GASTRIC EMPTYING
The activity v time curve for the total stomach in the control group was characterised by a roughly linear decline of activity with time (Fig 2) . In the functional dyspepsia group a similar pattern was seen (Fig 3) and no consistent differences were found between the two groups for any of the gastric emptying parameters (Table) . In three of 11 patients, however, the individual values for T1/2 (59, 64, and 76 minutes) were greater than the highest value seen in controls, showing that their gastric emptying was abnormally delayed.
INTRAGASTRIC DISTRIBUTION OF FOOD
Normal volunteers Partitioning of ingested radioactivity between the proximal and the distal stomach (Fig 2) occurred immediately after meal ingestion, most of the activity residing in the proximal stomach (initial proximal activity: 60%; 39 to 73). In the first 20 minutes after meal ingestion, however, ence in dyspeptic patients (32 5%; 38-7-61 [7) was higher than in the control group (44 3%; 36-5-50 3) (p<0 05), showing that a larger proportion of the ingested activity was contained in the distal stomach throughout gastric emptying (Fig 5) .
No consistent relation was found between sex and any measure of isotope distribution (p>005) or between gastric emptying rate and distal gastric residence. Those patients whose t/2 was slower than the control range had similar values for distal residence (55%, 43-62) to those with normal t/2 values (52%, 39-60) (p>0 2). * Discussion * It is now widely accepted that functional dyspepsia constitutes a heterogenous group of * conditions with diverse underlying pathophysiologic disturbances.2 In an attempt to increase homogeneity of the population sample under investigation, we included in our work 5 only dysmotility type dyspeptic patients, patients with chronic, severe postprandial bloating as the major symptom, because this is generally taken to suggest that a disturbance of FD gastric motility might be present.' In this selected group of dyspeptic patients we tested the hypothesis that food distribution into the ecreased, with proximal stomach would be abnormal and found :y in the distal consistent differences between them and normal ution of food volunteers, which may be pathophysiologically )mach. In the relevant. ecreased at an Despite reports describing the definition of proximal and distal regions of interest by visual means,'3 '5 we found in practice that it was difficult to define a proximal reservoir separated from the more distal stomach, by inspecting our 3) the initial scans. While some subjects showed a 'waist' vas lower than between what seemed to be proximal stomach and antrum, this was not a consistent finding and nt (Fig 4) for so division of the stomach by this method was not to 58) were attempted. We therefore defined the region of 42) (p<002). interest for the proximal stomach as correspond-I gastric resid-ing to the upper half of the total gastric area, as this has had the advantage of reproducibility while still being compatible with the roughly * 60:40 proximal:distal separation described by others. '1 '5 The predominant location ofgastric content in the distal stomach in our functional dyspepsia patients seems to be independent of gastric stasis, because only three of 11 of the patients had gastric emptying that was more delayed than our controls. Although it is sometimes assumed that delayed emptying is a frequent finding in dysmotility type dyspeptic patients,-" other studies have also reported similar variability in emptying data to our own9 and it may be that the proportion of patients who show delayed emptying is related to the selection criteria used.'0 The increased distribution of intragastric contents in the distal stomach is also consistent with the results of ultrasonographic studies showing that dyspepsia patients tend to have larger postprandial antral volumes.2' Theoretically, the increased location of ingested food in the distal stomach could either be the result of impaired proximal gastric relaxation or increased distal gastric accommodation. The possibility of defective proximal gastric relaxation in functional dyspepsia has long been suspected2 but only recently explored.2-24 In contrast with our results, these three studies, each using different methods to induce gastric distension, failed to show any consistent differences between normal subjects and dyspeptic patients in gastric proximal relaxation. It is important to note, however, that all three studies were conducted during fasting, a condition that may be unrepresentative of the pathophysiology in dyspeptic patients who characteristically suffer from postpradial symptoms. In support of our data, defective meal induced reduction in proximal gastric tone has been recently reported in functional dyspepsia patients selected by the same criteria used in this study.25
The possibility that antral accommodation may be enhanced in dyspeptic patients has not been investigated. It has been shown, however, that postprandial antral motor activity is impaired in functional dyspepsia672627 and it is possible that this could also be associated with an abnormally low antral tone.
Like other visceral organs, the human upper gastrointestinal tract seems to have a limited repertoire of associated sensations, because luminal distension of either the gastric fundus25 or the antrum and the duodenum28 elicits similar symptoms of epigastric bloating and fullness. In a recent study29 using ultrasonography to assess gastric dimensions, it was found that symptom scores for bloating but not for other dyspeptic symptoms were significantly related to the cross sectional area of the antrum. This finding, taken together with the results of our study, suggests that it may be the increased antral distension by ingested food which plays the major part in symptom production.
While it has been suggested that women are more troubled by dyspepsia,3 we ol o find any sex differences in degree of physiological abnormality in our patients. It is important to note, however, that the number of patients studied is probably too small to allow detection of anything other than the grossest differences. Furthermore, our method of recruitment, which was designed to ensure that patients with similar symptom severity were chosen for study would also have acted to reduce any male:female differences.
In conclusion, we have identified intragastric maldistribution in a group of dyspeptic patients with severe postprandial bloating who show decreased residence of gastric contents in the proximal stomach and increased distribution to the distal stomach. These abnormalities could be explained by defective proximal gastric relaxation, by increased distal gastric accommodation, or by a combination of the two. 
